We used our institutional medical data search system to identify all adult patients who were admitted for medical treatment of ICH between January 1, 2008 and January 31, 2012. Our study was approved by institutional review board. We conducted a retrospective review of all consecutive patients who were admitted to the department of neurosurgery. To be eligible for the study, patients with ICH needed to meet the following inclusion criteria : 1) evidence of nontraumatic ICH on a noncontrast CT (NCCT) examination of the head, 2) evaluation with CTA of the intracranial circulation within 24 hours of presentation, and 3) age between 18 and 80 years. The exclusion criteria were : 1) deep coma (GCS 3-5); 2) brainstem hemorrhage; 3) a history of pre-
INTRODUCTION
Intracerebral hemorrhage (ICH) is the most disabling form of stroke. Approximately 40% of patients with intracerebral hemorrhage die within 30 days, and the majority of survivors are left with severe disability 4, 11) . Hematoma expansion occurs in up to 70% of patients who have ICH documented by computed tomographic (CT) scanning performed within 3 hours after the onset of symptoms 4, 6, 18) . Other predictors of poor outcome include age, initial hematoma volume of hematoma, Glasgow Coma Scale (GCS), intraventricular hemorrhage (IVH), warfarin use, and infratentorial hemorrhage 10, 14) . Recently, several studies suggested that contrast extravasation on CT angiography (CTA) is a crucial predictor of hematoma expansion and mortality 7, 8, 12, 30) . The presence of active contrast extravasation into the hematoma at the time of multi-detector CT angiography (MDCTA), the spot sign, is an indicator of active hemorrhage and has been associated with an increased risk of hematoma expansion and mortality in patients with ICH [6] [7] [8] 12, 30) . The purpose of this study was to retrospec-vious intracerebral hemorrhage; 4) pure intraventricular hemorrhage; 5) secondary intracerebral hemorrhage such as arteriovenous malformation, moyamoya disease, tumor bleeding, and venous sinus thrombosis; 5) incomplete standard CT protocol including NCCT and MDCTA; 6) previous stroke history; and 7) surgically treated patients.
Clinical data
Clinical data of patients with ICH were collected by 2 neurosurgeons blinded to the radiological data and at the 90-day follow-up. The collected demographic and clinical variables included sex, age, alcohol and smoking use, history of hypertension, diabetes, liver disease (liver cirrhosis and hepatocellular carcinoma), coronary heart disease, and medications (antihypertensives, antiplatelet, and anticoagulation agents). The systolic, diastolic, and mean arterial blood pressures of patients were recorded. Stroke severity on admission was evaluated by the GCS and National Institutes of Health Stroke Scale (NIHSS). Laboratory tests on admission included serum glucose, activated partial thromboplastin time (aPTT), and prothrombin time (PT) as expressed by the international normalized ratio (INR). Clinical outcomes were assessed by the modified Rankin Scale (mRS) and Glasgow Outcome Scale (GOS) on discharge and 90-day follow-up. Poor clinical outcome was defined as mRS >2 and GOS <4. In-hospital stay lengths were recorded.
Radiological data
NCCT and MDCTA acquisitions were performed according to standard departmental protocols on 16-or 64-section General Electric helical CT scanners (General Electric Medical Systems, New York, USA). Imaging was performed as follows : 1) initial and 24-hour follow-up NCCT scans were performed using 4.5 mm contiguous axial sections from skull base to vertex parallel to the inferior orbitomeatal line. Parameters for pre-and postcontrast CT were 120 kVp; 340 mA; 4×5 mm collimation; 1 second/rotation; and table speed of 15 mm/rotation. CTA was performed following 0.7 mL/ kg of iohexol (300 mg I/mL; Omnipaque; GE Healthcare, Piscataway, NJ, USA) injected intravenously at 4 mL/s rate via power injector through an intravenous line, using the following parameters : 120 kVp; 240 mAs; section thickness, 1.25 mm; and section-acquisition interval, 1 mm. All images were prospectively and independently reviewed on picture archiving and communication system (PACS) workstations by 2 neurosurgeons blinded to clinical data. The presence of contrast extravasation and spot sign score was determined according to the criteria from a prior study on MDCTA source or reconstructed images 8) . Hematoma location was classified as supratentorial or infratentorial. Supratentorial location was further subclassified as lobar or deep. The presence of intraventricular hemorrhage (IVH) was recorded. Determination of initial and followup ICH volumes was performed independently by investigators blinded to the initial NCCT and follow-up CT. Each reviewer measured the volume of hemorrhage in milliliters using the ABC/2 method, where A is the greatest diameter of hemorrhage on the CT section with the largest area of hemorrhage, B is the diameter perpendicular (90°) to A, and C is the number of sections with hemorrhage multiplied by the section thickness 17) . C was calculated by a comparison of each CT section with hemorrhage, with the CT section demonstrating the largest area of hemorrhage on that scan. An increase of hematoma volume >33% or >12.5 mL was considered a hematoma expansion 5, 12, 15) . The spot sign was defined according to four criteria : 1) serpiginous or spot-like appearance within the margin of a parenchymal hematoma without connection to an outside vessel; 2) contrast density greater than 1.5 mm in diameter in at least one dimension; 3) contrast density (Hounsfield units, HU) at least double that of the background hematoma; and 4) no hyperdensity at the corresponding location on non-contrast CT 29) .
Statistical analysis
Statistical analyses were performed using the Statistical Package for the Social Sciences for Microsoft Windows (Version 12.0; SPSS Inc., Chicago, IL, USA). Patients were classified according to survival versus fatality and good versus poor clinical outcomes (mRS 0-2 versus 3-6, GOS 1-3 versus 4-5) on discharge and at 90-day follow-up. The relationships between spot sign with clinical outcomes and in-hospital mortality were examined by the chisquare test for categorical variables or Mann-Whitney U-test for continuous variables. The multivariate logistic regression analysis was repeated for the prediction of in-hospital mortality and Fig. 1 . The appearance of a spot sign on CT angiography in a patient with intracerebral hemorrhage. The spot sign (black arrow) assesses diameter and Hounsfield units. The spot sign is located within the hematoma, has no connection to any outside vessel, and is absent on baseline non-contrast CT.
poor outcome among survivors at 3-month follow-up including, as an additional variable, first the presence of any spot sign, and then mortality. The adjusted odds ratios (ORs) and their 95% confidence intervals (95% CIs) were calculated. Significance was set at a p value of less than 0.05.
RESULTS
From January 1, 2008 until January 31, 2012, a total of 227 patients presented to the department of neurosurgery with spontaneous ICH on NCCT and were evaluated with MDCTA of the intracranial circulation within 24 hours of admission (Fig. 1) . No adverse events were attributable to the CTA. Forty patients were excluded from the primary analysis for the following reasons : 20 patients were treated with surgical evacuation before follow-up CT; 10 patients died before follow-up CT, and 10 patients did not have a follow-up CT for unknown reasons. A total of 187 patients met our inclusion criteria, with a mean age of 60.45±14.49 years (median 60.45 years, range 19-80 years). The median time from emergency department admission to MDCTA evaluation was 1.33 hours (mean 2.5 hours, range 0.25-8 hours), and median length of hospital stay was 14 days (mean 17.72 days, range 2-95 days). CTA demonstrated 61 CTA spot sign-positive patients (61/187; 32.6%) and 126 patients without the spot sign (126/187; (Table 5 ). Mortality and unfavorable outcome rates were high in spot sign-positive and volume expansion-positive patients. Positive predictive values from the previous studies varied considerably (24-77%, 77.78% in this study), whereas negative predictive values were lower (96-98%, 81.68% in this study) (Table 6) 12, 16, 30) .
DISCUSSION
We found that the spot sign is the strongest significant predictor of hematoma volume expansion, poor outcome (mRS >2), and increased in-hospital mortality. The spot sign is also associated with larger hemorrhage, and a more severe clinical presentation. Most recently, Demchuk et al. 9) concluded that the CTA spot sign is highly predictive of hematoma expansion, irrespective of hematoma expansion definition and for both intraparenchymal and intraventricular hemorrhage growth. The CTA spot sign is associated with poor prognosis, high rates of early clinical deterioration and mortality, often occurring within days after onset 9) . Hematoma expansion occurs in up to 70% of patients with ICH documented by CT performed within 3 hours after the onset of symptoms [4] [5] [6] . ICH accounts for 10% to 20% of all strokes and is more fatal and disabling than ischemic stroke or subarachnoid hemorrhage (SAH) 24) . There is no proven treatment for patients with ICH. Because of the rapid and severe devastation associated with ICH, innovative treatments need to be developed and evaluated. Major predictors of increased early mortality and adverse outcome during the acute phase of ICH are hematoma expan- sion, IVH with obstructive hydrocephalus, and hyperglycemia 3, 5, 20, 28) . At least 38-70% of patients had >33% growth in the volume of parenchymal hemorrhage during the first 24 hours after symptom onset 5, 6) . A previous study reported that the volume of ICH is the strongest predictor of 30-day outcome for all locations of spontaneous ICH 18) . Hematoma expansion is associated with early neurologic deterioration and is an independent predictor of poor outcome and increased morbidity 4, 20, 26) . The precise mechanism of early hematoma expansion during the acute phase is poorly understood. Mayer et al. 20) proposed that hematoma expansion is associated with dysregulation of hemostasis via inflammatory cascade activation and matrix metalloproteinase (MMP) overexpression, breakdown of the blood-brain barrier, a sudden increase in ICP leading to local tissue distortion and disruption, and vascular engorgement due to reduced venous outflow. Hematoma expansion can also result from an increased plasma concentration of cellular fibronectin (c-FN) and the inflammatory mediator interleukin-6 (IL-6) 27) . Treatments to restrict hematoma expansion include hemostatic therapy, cautious lowering of high BP, quick reversal of prior anticoagulation, and surgical evacuation 22) . There have been a few clinical trials to restrict hematoma expansion. Treatment options to restrict hematoma expansion can be divided into surgical and nonsurgical approaches. Clinical trials to restrict hematoma expansion in ICH and a meta-analysis have shown that the use of recombinant factor VII (rFVIIa) limits the extent of hematoma expansion in patients with non-coagulopathic ICH 13, 19, 20, 31) . However, there was an increase in thromboembolic risk with no clear clinical benefit in unselected patients. Reports from the Intensive Blood Pressure Reduction in Acute Cerebral Haemorrhage Trial (INTERACT) and Antihypertensive Treatment of Acute Cerebral Hemorrhage (ATACH) trials show that SBP reduction might restrict hematoma expansion in the hyperacute phase of ICH 1, 2, 25) . Many previous studies reported that spot sign is an independent predictor of hematoma expansion and mortality 7, 8, 12, 16, 23, [28] [29] [30] . Brott et al. 5) found the majority of relevant growth of the hematoma volume on admission CT, to occur within 4 hours after symptom onset. This suggests that growth occurs early in the course of spontaneous intracerebral hemorrhage (SICH) and that early CT scan repetition is warranted to detect it. The timing of surgical treatment for ICH is a key benchmark for hematoma expansion prevention because treatment delays are associated with an increased risk of mortality. Early prevention may be an ideal target for medical or surgical hemostatic therapy in patients who exhibit high average rates of hematoma expansion. The timing of surgical treatment varies widely because of patient factors (delayed symptom recognition and presentation to medical attention), physician factors (delayed diagnosis and referrals), resource availability (rapid access to vascular imaging), and institutional/system-level factors related to operating room availability and staffing. In our study, all patients arrived at the hospital within 10 hours of the clinical event. However, hematoma expansion during referrals occurred in over 35% of patients. Theoretically, early surgical treatment putatively reduces hematoma expansion, reduces mortality, and improves clinical outcome. The role of surgical treatment for ICH is controversial. Many clinical trials have failed to show an outcome benefit over conservative treatment. A report from the Surgical Trial in Intracerebral Haemorrhage (STICH) trial showed no overall benefit of early surgical clot evacuation compared with initial conservative treatment in patients with ICH 21) . However, a subgroup analysis showed a potential benefit for surgery in lobar ICH within 1 cm of the cortical surface 21) . Guidelines from the American Heart Association and American Stroke Association suggest that indications of surgical intervention are as follows : 1) for most patients with ICH, the usefulness of surgery is uncertain; 2) patients with cerebellar hemorrhage who are deteriorating neurologically or who have brainstem compression and/ or hydrocephalus from ventricular obstruction should undergo surgical removal of the hemorrhage as soon as possible; 3) for patients presenting with lobar clots >30 mL and within 1 cm of the surface, evacuation of supratentorial ICH by standard craniotomy might be considered; 4) the effectiveness of minimally invasive clot evacuation utilizing either stereotactic or endoscopic aspiration with or without thrombolytic usage is uncertain and is considered investigational 22) . Clinical trials that are tailored more individually with regard to patient characteristics and SICH features are still necessary to elucidate the role of surgery. Further clinical trials should include surgical versus medical treatment in spot sign-positive patients. The use of recombinant factor VII (rFVIIa) limits the extent of hematoma expansion in spot sign-positive patients.
This study is limited by its retrospective design. We excluded patients with GCS scores of 3-5. The number of 187 patients was relatively small, and the data set was heterogeneous with regard to time to scan. A prospective study with a larger number of cases is needed to confirm the association of spot sign to poor clinical outcomes.
CONCLUSION
The spot sign is a strong independent predictor of hematoma expansion, mortality, and poor clinical outcome in primary ICH. Several trials have been conducted to restrict hematoma expansion. Unfortunately, all measures to restrict hematoma expansion have so far failed to improve outcome in randomized controlled trials. In this study, we emphasized the importance of hematoma expansion as a therapeutic target in both clinical practice and research. Clinical trials of surgical interventions and hemostatic treatment, such as rFVIIa, should be done in ICH patients with a positive spot sign on CTA. 
